Background: Nasal deviation plays an important role in plagiocephaly nosography, and it is frequent in plagiocephaly and objectivable both in early treated patients and in those patients who did not undergo any surgical correction. Patients and Methods: The group analyzed consisted of 12 patients affected by anterior synostotic plagiocephaly. All of them had reached the end of growth. A morphological analysis was made by using anthropometry. All patients were asked to undergo computed tomography, and all the scans were then reconstructed into three-dimensional models using a dedicated software. We made two-dimensional assessments on coronal and axial slices, and three-dimensional reconstruction was used to evaluate the volumetry of ethmoidal cells. Results and Discussion: From anthropometry, we realized that, in all patients, not only that the tip of the nose is deviated to the not affected side but also that the root itself does not lie on the midline and it is tilted to the synostotic side. Analysis of the computed tomographic scan results shows that the ethmoid bone, as much as the vomer and the upper maxilla, is deeply involved in these nasal abnormalities, presenting a deviated position and an altered development. Conclusions: We concluded that nasal morphology in plagiocephaly is strictly related to basicranium dysmorphism.
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The affected supraorbital rim is retruded, elevated, and slightly displaced laterally on the side of the affected forehead. The ipsilateral palpebral fissure is rounded, and more often, the nasal root is deviated toward the affected side and there is a minor shift of the chin to the opposite side. Viewed from above, the ipsilateral ear and malar eminence are anteriorly displaced, and the contralateral forehead is bossed. 5, 6 The nasal deviation plays an important role in plagiocephaly nosography. Alterations of nasal root, pyramid, and vomer bone have been the center of studies of only a limited amount of authors, although the outcomes of these studies have served as a base to build diverse classifications of this disease.
The classification of Di Rocco and Velardi 7 takes into account deviation of the vomer bone and nose pyramid to distinguish types II and III plagiocephaly from type I, and Roddi et al 3 cite nasal alterations in describing type I in its classification. Other authors to take into consideration nasal deformities in plagiocephaly were Prévot et al 8 who classified patients into 4 categories based on the entity of nasal deviation.
Nasal alterations are frequent in plagiocephaly, and they are objectivable both in early treated patients and in those patients who did not undergo any surgical correction.
Many studies have confirmed that deviation of the nasal pyramid does not self-correct after early fronto-orbital advancements 4 and can only be corrected with a closing wedge nasal osteotomy. Nevertheless, these dysmorphisms have never been put specifically analyzed on three-dimensional computed tomographic (CT) scan.
The aims of this study were to demonstrate these alterations on three-dimensional CT scan and to associate them with basicranium malformations to better understand the mechanism that leads to these alterations.
PATIENTS AND METHODS
The group analyzed consisted of 12 patients affected by anterior synostotic plagiocephaly, 6 of them were affected on the right side and 6 of them were affected on the left side. All patients had reached the end of growth and their age range was between 20 and 32 years with a mean age of 25.54 years.
All the patients were retrieved from the Archives of Pediatric Neurosurgery of A. Gemelli Policlinic in Rome, and they all underwent cranioplasty at an early age, but no further operation was carried out to correct the dysmorphisms. A morphological analysis was also made by using anthropometry to evaluate nasal orientation. We chose 4 landmarks; 3 of them were paired. The 3 paired landmarks were the tip of the tragus (tragion), the tip of the nose (ton), and the alar cartilage base (alarb), and the nonpaired landmark was the nasion.
We evaluated the distance between ton and tragion, between nasion and tragion, and between alarb and tragion on both affected and nonaffected sides.
All patients were asked to undergo CT, performed with a Philips Brilliance 190P 64 slice scanner (Philips Healthcare, Best, The Netherlands). All scans were then reconstructed using Materialise Mimics (Materialise, Leuven, Belgium) software, and assessments were made using the same program.
Landmarks were determined on axial and coronal images and on three-dimensional reconstructions, and distances were calculated. It was impossible to consider the line that passes the crista galli, by the anterior nasal spine, by the chin or that perpendicular to the line that joins the 2 frontal zygomatic sutures or that the perpendicular at the bipupillar or the bimastoid as midline, because each of these structures could have been involved and distorted by synostotic anterior plagiocephaly. It was therefore decided to use the plane passing through the line from the superior margin of the foramen magnum and perpendicular to the line that connects the 2 occipital condyles as middle plane reference, anatomic structures that have a low likelihood of being altered by synostotic anterior plagiocephaly, in accordance with Giannì. Eight assessments were considered on axial scans: the angles between the triangular cartilages and the nasal septum (internal nasal valves), the angles between nasal bones and osseous septum insertion, the angle between the major axis of the vomer and the middle plane, the angle between lamina cribra and the middle plane, the bilateral linear distances between the major axis of lamina cribra and laminas papyracea on neuro-orbital plane on the sites of anterior and posterior ethmoidal arteries emergences, the linear distance between nasal tip and middle plane, and the linear distance between nasion and middle plane.
Three more assessments were made on coronal slices: linear distance between crista galli and the middle plane, the distance between crista galli and laminas papiracea, and the angle between the middle plane and the line conducted from maxillary septum origin to the crista galli. Ethmoidal volumetry was also performed on three-dimensional reconstructed models. When distances were paired, those of the synostotic side were compared with those of the nonsynostotic side.
RESULTS
Anthropometric evaluation (Table 1) revealed that the distance between tragion and ton was greater on the affected side in all patients: The mean value on the affected side was 133.58 mm (range, 113Y146 mm), whereas that on the nonaffected side was 140.92 mm (range, 115Y144 mm).
Nasion-to-tragion distance was greater on the nonsynostotic side (mean, 126 mm; range, 110Y135 mm) than on the synostotic side (mean, 120.08 mm; range, 103Y129 mm; Fig. 1 ).
The distance between the alar bases and the ipsilateral tragion was greater on the synostotic side (mean, 100.58 mm; range, 85Y106 mm) than on the nonsynostotic side (mean, 106.25 mm; range, 95Y113 mm).
Analysis of the CT scan shows (Table 2 and Fig. 2 ) that the mean angulation between triangular cartilage and nasal septum was 17.80 degrees (range, 12.59Y20.19 degrees) on the nonaffected side and 11.39 degrees (range, 8.63Y15.91 degrees) on the affected side. The angulation between the nasal bone and osseous septum was greater on the nonsynostotic side (mean, 25.87 degrees; range, 10.66Y25.89 degrees) than on the synostotic side (mean, 17.89 degrees; range, 18.99Y31.23 degrees).
The evaluation of the ethmoid bone was performed by measuring the width of the bone on both sides of the perpendicular lamina, an index that corresponds to the degree of emergence of the anterior ethmoidal artery (AEA) and of the posterior ethmoidal artery (PEA). Assessments taken on the affected side (AEA: mean, 9.62 mm; range, 15.3Y7.39 mm; PEA: mean, 10.7 mm; range, 8.21Y13.43 mm) were smaller in comparison to those on the nonaffected side (AEA: mean, 14.33 mm; range, 10.5Y18.45 mm; PEA: mean, 12.88 mm; range, 16.52Y10.31 mm). Measurements were also taken between the tip of the crista galli and lamina papyracea on coronal slices on both sides, revealing a shorter distance on the affected side (ipsilateral value: mean, 10.59 mm; range, 9.06Y13 mm; contralateral value: mean, 13.94 mm; range, 10.63Y17.32 mm; Fig. 3 ).
Another assessment was performed using data obtained from the coronal plane to evaluate the distance between the tip of the crista The orientation of the ethmoid was evaluated by measuring the angulation between the main axis of the cribrous lamina and the middle plane, which revealed a deviation toward the ipsilateral side in all patients (mean, 13.43 degrees; range, 9.92Y16.89 degrees; Fig. 4) .
The vomer deviation along the axial plane was evaluated by measuring the angle individuated between the plane passing through the vomer itself and the midplane, the inclination of which was toward the synostotic side in all patients (mean, 3.98 degrees; range, 0.68Y6.86 degrees).
Nasal pyramid deviation was evaluated by measuring the linear distance of the nasal root, which was identified using the nasion (n) and nasal tip (ton) from the midplane on axial CT scans. The nasion was displaced toward the synostotic side in 11 of 12 patients (mean, 5.08 mm; range, 0Y8.89 mm) and exactly on the midline in 1 patient.
The nasal tip was deviated contralateral to the synostosis in all patients; in 4 patients, the nasal tip trespassed the midplane; in the remaining 8 patients, the nasal tip did not cross the midplane, although it was displaced more toward the lesion compared with the nasion (Table 2) .
The inclination on the frontal side of the entire system composed of the ethmoid, the vomer, and the maxilla was evaluated on coronal scans by assessing the angle between the midplane and the plane passing through the line extending from the tip of the crista galli, through the vomer to the maxillary sagittal process (CG-CM line). Outcomes of this measure have shown an inclination ipsilateral to the lesion in 11 of 12 patients; no deviation was detected in 1 patient (mean, 6.53 degrees; range, 0Y10.23 degrees; Fig. 5) .
Outcomes from the three-dimensional ethmoidal volume analysis showed a mean total volume of 9.24 mL, although the contribution of the affected side was smaller (mean, 3.52 mL; range, 2.70Y4.36 mL) compared with that of the nonaffected side, which resulted in compensatory expansion (mean, 5.72 mL; range, 3.98Y6.82 mL; Table 3 and Figs. 6 and 7) .
DISCUSSION
The study of the nose in plagiocephaly has been at the center of several works, although only describing the variations in shape and orientation and surgical outcomes in patients affected by this pathology.
Although Prévot et al 8 had analyzed the nose in a specific manner, dividing the patients into 4 groups based on the severity of nasal deviation; nevertheless, they were more concentrated on the surgical outcomes than on the shape itself.
The reasons why we decided to perform this study reside in our attempt to analyze the structures involved in this abnormality and quantify the dysmorphism itself.
After having seen 12 patients affected by plagiocephaly, we observed that the nose had certain constant abnormality consisting of a deviation of the tip and the pyramid to the nonaffected side, which was found in literature, 7, 10 although no specific article existed. We decided to perform anthropometry to evaluate nasal morphology and its position and to quantify and codify the malformation.
From anthropometry, we realized that, in all patients with any grade of plagiocephaly (according to the classification of Di Rocco and Velardi), the nose showed a deviation to the contralateral side.
From the anthropometric results, in all patients, the distance between ipsilateral tragus (tragion) and the nasal root (nasion) was shorter on the synostotic side and that the distance between ipsilateral tragus and the nasal tip was, instead, shorter on the nonsynostotic side. This means not only that the tip of the nose is deviated to the not affected side but also that the root itself does not lie on the midline and it is tilted to the synostotic side.
This probably happens because the affected side hypoplasia is connected to a compensational growth of the nonsynostotic side. This situation tends to Banchor[ the nasal root on the synostotic side, whereas the rest of it is dragged onto the nonsynostotic side.
We then asked all patients to undergo CT with the purpose of performing a study on internal structures to confirm anthropometric assessments and to understand whether anthropometric outcomes were just concerned with an external abnormality or whether there was a complex involvement of other cranial structures that led to the nasal abnormalities.
Considering the lack of symmetry that characterized this pathologic entity and the problem of finding reference planes in which many authors incurred, 11 we decided to use the plane passing through the line from the superior margin of the foramen magnum and perpendicular to the line that connects the 2 occipital condyles as middle plane reference to evaluate the position of the different points, and we then chose to focus mainly on the vomer and the ethmoid bone.
The vomer bone deviations had already been evaluated by Di Rocco and Velardi 7 on axial slices. We confirmed the vomer bone to be on the midline in the only patient with type I plagiocephaly on axial scans, whereas it was deviated toward the synostotic side in all other patients.
The ethmoid was evaluated by measuring its width on the side of the emergences of anterior and posterior ethmoidal arteries. The part on the synostotic side was found to be considerably narrower than the one on the contralateral side and its orientation, evaluated with lamina cribra angulation with the midline, and was toward the synostotic side in all patients.
Furthermore, we have evaluated ethmoidal volumetry. Total ethmoid cells volume was in the range of normality, which is between 7 and 15 mL, 12, 13 although the proportion between the affected and the nonaffected side was not 1:1 as found in nonplagiocephalic patients. The volume on the affected side was considerably reduced, and on the other side, the ethmoid had undergone a compensatory expansion.
These findings confirm that the nasal deviation is not just the outcome of frontal synostosis, but it also depends on basicranium alteration, especially those involving frontosphenoidal and sphenoethmoidal sutures. 14 
CONCLUSIONS
The nasal morphology in plagiocephaly is strictly related to basicranium dysmorphism. It is not the nose itself being deviated, but the whole system consisting of the ethmoid, vomer, and maxilla is twisted, and nasal alterations are one of the outcomes of this twisting.
